The purpose of this paper is to generalize some stochastic orders based on the Laplace transform to proportional state and obtain some of their properties. Also, we discuss these generalized orders version in view of the weighted distributions.
INTRODUCTION
As an useful notion in applied mathematics and engineering, Laplace transform is also important in many areas of the probability and statistics (see Feller 1971) . It is usually convenient to use Laplace transform rather than the characteristic function when the concerned random variable is non-negative. Several concepts of the stochastic comparisons between random variables have been defined and studied in the literature, since they are useful tools in many different areas of the applied probability and statistics (see Shaked and Shanthikumar 2007) . Some of these comparisons are likelihood ratio order, proportional likelihood ratio order, Laplace transform order, Laplace transform ratio order, reversed Laplace transform ratio order and differentiated Laplace transform ratio order. Rolski and Stoyan (1976) defined the Laplace transform order based on the Laplace transform. Then Klefsjo (1983) obtained a useful aging property of it and Alzaid et al. (1991) presented general preservation properties and applications of this order. Also, Shaked and Wong (1997) introduced stochastic orders based on the ratios of the Laplace transforms. Bartoszewicz (1999) studied characterizations of the stochastic orders based on the ratios of the Laplace transform. Bartoszewicz (2000) and Nanda (2000) achieved stochastic orders based on the Laplace transform and infinitely divisible distributions and generalized aging classes in terms of the Laplace transforms respectively. Recently, Li et al. (2009) introduced a new stochastic order based upon Laplace transform with applications. Ramos-Romero and Sordo-Diaz (2001) generalized the likelihood ratio order called proportional likelihood ratio order to proportional state for absolutely continuous non-negative random variables and studied some properties and applications of it.
In this paper, we have presented some definitions of stochastic orders and some tools that are needed for expressing our results. Then, in sections 3 and 4 we have achieved (reversed) Laplace transform ratio and differentiated Laplace transform ratio orders respectively to proportional state and studied their properties and relations that theses results are generalized version of the previous cases. Finally, we have studied the proportional Laplace transform ordering in view of the weighted distributions.
PRELIMINARIES
Let X and Y be non-negative absolutely continuous random variables with density functions f and g, distribution functions F and G and survival functionsF andḠ respectively. Throughout the paper we take a/0 to be ∞, whenever a > 0. Let
denote the Laplace transform of X which is a decreasing function in s > 0. Consider the Laplace transform of F as
and define the Laplace transform ofF as
for all s > 0. It is easy to verify L *
More details related to Laplace Transforms and the interpretations corresponding to models in reliability, insurance, inventory and maintenance can be find in Alzaid et al. (1991) and Shaked and Wong (1997) . Here, we present some definitions which are used to present our main results.
Definition 2.1. X is said to be smaller than Y in the
f (x) increases in x over the union of the supports of X and Y .
Remark 2.2. For random variables X and Y we have
is said to be completely monotone if all its derivatives φ (n) exist and satisfy, (−1) n φ (n) (x) ≥ 0 for all x > 0 and n = 0, 1, 2, ..., where φ (n) (x) denotes derivative of order n of φ.
Ramos-Romero and Sordo-Diaz (2001) and then Belzunce et al. (2002) studied likelihood ratio order and (reversed) hazard rate order to proportional state respectively. They obtained interesting properties and applications of them and Looked their relationships to other stochastic orders.
Definition 2.4. For non-negative absolutely continuous random variables X and Y , we say that X is smaller than Y in the
f (x) increases in x for any positive constant λ < 1 over the union of the supports of X and Y .
(
F (x) ] increases in x for any positive constant λ < 1 over the union of the supports of X and Y . Now, in the next sections we will discuss our novelties.
PROPORTIONAL AND REVERSED PROPORTIONAL LAPLACE TRANSFORM RATIO ORDER
We can consider the Laplace transform as a mixture distribution function of exponential distribution with mean 1 x and a distribution with distribution function F (·). So it is interesting which we consider such orderings based on Laplace transform ratios and studied them for proportional state.
Definition 3.1. For non-negative absolutely continuous random variables X and Y we say that
(ii) X is smaller than Y in the reversed proportional Laplace transform ratio order
and there is not relationship between ≤ pLt−r and ≤ r−pLt−r .
The first theorem below gives some necessary and sufficient technical conditions for (reversed) proportional Laplace transform ratio orders. We need to introduce some notations. Let Y be a non-negative absolutely continuous random variable. Denote
andQ
Similarly, for another non-negative random variable X define,
Also, for a function ψ define
which is used in the following notes:
Theorem 3.2. Let X and Y be non-negative absolutely continuous random variables.
a) X ≤ pLt−r Y if and only if,
Proof Using integration by parts, we have
and
for k = 0, 1, ... . By (8) and (10) and part (i) of Definition 3.1, we can prove (a). Also, by (9) and (11) and part (ii) of Definition 3.1, we can prove (b). 2
Theorem 3.4. Let X and Y be non-negative absolutely continuous random variables. Then via the arguments in (4), (5), (6) and (7), the following assertions are hold: 
is decreasing in s > 0. Using Theorem 3.2 completed the proof. The proof of (b) is similar. 2 Remark 3.5. If in Theorem 3.4, take λ = k = 1 then, 
b) X ≤ r−pLt−r Y if and only if,
Proof Via arguments in Theorem 5.B.2 of Shaked and Shanthikumar (2007) it is easily to seen that,
So, (a) follows from Definition 3.1 and the proof of (b) is similar to (a).
PROPORTIONAL DIFFERENTIATED LAPLACE TRANSFORM RATIO ORDER
Li et al. (2009) introduced a new stochastic order based on the Laplace transform with its applications and called it differentiated Laplace transform ratio ordering. First, we express this ordering for proportional state and then obtained some of its properties. As we said the Laplace transform of the non-negative absolutely continuous random variable X is given by L X (s) =
which can be considered as a mixture distribution of the exponential distribution with mean 1 x , (x > 0) and mixing distribution F . Thus, Ψ is a distribution with a density ψ X (s) =
Suppose that the random variable with this distribution is denoted by ζ(X). Many properties and characterization of ζ(X) proved in Bartoszewicz (1999) . For example, he proved that, Definition 4.1. Suppose that X and Y be non-negative absolutely continuous random variables. We say that X is smaller than Y in the differentiated Laplace transform ratio order (
Definition 4.3. Suppose that X and Y be non-negative absolutely continuous random variables. We say X is smaller than Y in the proportional differentiated Laplace transform ratio order (
Theorem 4.4. Let X 1 , X 2 , ... be iid non-negative absolutely continuous random variables and N 1 and N 2 be two positive integer-valued random variables that are 
Let
is decreasing in s > 0, therefore the proof is completed. Now, if 
Proof Using Definitions 3.1 and 4.3, it follows that
PROPORTIONAL LAPLACE TRANSFORM ORDERS FOR WEIGHTED DISTRI-BUTIONS
Weighted distributions firstly proposed by Fisher (1934) and formulated later by Rao (1965) . Statistical applications of the weighted distributions especially to the analysis of data relating to human populations, ecology, forestry and reliability. Readers may refer to Patil and Rao (1977) , Jain et al. (1989) , Bartoszewicz and Skolimowska (2004) and Belzunce et al. (2004) for more details. Suppose that X w and Y w be weighted versions of the random variables X and Y with density functions
It is clear that L X w (s) and L Y w (s) are decreasing in s > 0. By definition of the Laplace transform order if
Here, we consider some special weights:
(1) If w(x) = e lx , then, , then, by
CONCLUSION
We recalled some of the stochastic orders that are based on the Laplace transforms and so extended them to proportional state similar to proportional likelihood ratio order and obtained some of their properties and relationships with other orderings. Finally, we studied the proportional Laplace transform order in view of the weighted distributions and some special weights.
